Abstract. The present study analyzed surgical results in patients with malignant pleural mesothelioma (MPM) who underwent extrapleural pneumonectomy (EPP) or pleurectomy/decortication (P/D). Data for 44 patients who achieved macroscopic complete resection following neoadjuvant chemotherapy followed by EPP (n=29) or P/D (n=15) were reviewed. Patient demographics and oncological outcomes were compared between the EPP and P/D groups. The median overall (OS) and progression-free survival (PFS) times were 22 and 14 months, respectively. OS was significantly different between the EPP and P/D groups (median OS, 17 vs. 34 months; 5-year OS, 11 vs. 44%; P=0.019); no difference was noted in PFS (median PFS, 13 vs. 21 months; 5-year PFS, 11 vs. 17%; P=0.373). Univariate analysis demonstrated that epithelial histology (P=0.0003) and P/D (P=0.018) were significant favorable prognostic factors for OS. Using multivariate analysis, epithelial histology (P=0.001) remained the only significant factor. Post-recurrence survival (PRS) among all patients was significantly longer in the P/D group (median PRS, 3 vs. 20 months; 1.5-year PRS, 5 vs. 54%; P=0.003), even among patients with epithelial-type MPM (median PRS, 6 s vs. 20 months; 1.5-year PRS, 8 vs. 61%; P=0.012). Chemotherapy following recurrence (P= 0.033) was significantly associated with superior PRS in multivariate analysis. Postoperative pulmonary function was significantly improved in the P/D group. In summary, P/D may be an alternative procedure to EPP for resectable MPM providing similar PFS and improved PRS.
Introduction
The prognosis of malignant pleural mesothelioma (MPM) is extremely poor with an increasing incidence rate worldwide (1, 2) . Multimodal therapies have been adopted for MPM, including surgery, chemotherapy and radiotherapy (3) . In particular, the goal of radical surgery is to achieve macroscopic complete resection (MCR) (4) obtained via extrapleural pneumonectomy (EPP) or pleurectomy/decortication (P/D). EPP involves the en bloc resection of the ipsilateral lung and the pleura, diaphragm, and pericardium (5-7). P/D includes the removal of the ipsilateral pleura and preservation of the lung parenchyma (8) . Therefore, EPP is a lung-sacrificing surgery, whereas P/D is a lung-sparing surgery.
Certain studies identified benefits of P/D regarding postoperative survival (9, 10) . Two previous meta-analyses comparing EPP and P/D revealed no statistical difference in long-term survival, although P/D was associated with lower morbidity and mortality rates (11, 12) . Due to these results, many centers have shifted their surgical approach for MPM from EPP to P/D. Comparing EPP and P/D, little is understood regarding recurrence rates, and few studies have focused on survival and treatment implementation rates following recurrence.
Recently, we adopted P/D due to the reports of its comparable survival and decreased morbidity and mortality rates. The purpose of the present study was to investigate surgical results, including post-recurrence survival (PRS), in patients treated with EPP or P/D for MPM.
Patients and methods
Patients. The current retrospective study included all patients who attained MCR following EPP or P/D for MPM at Hiroshima University (Hiroshima, Japan) between April 2005 and December 2017. All patients were male and the median age of diagnosis was 65 (range, 42-73 years). The study was approved by the institutional review board of Hiroshima University (Hiroshima, Japan).
Thoracoscopic pleural biopsy was performed to diagnose MPM. A pathological diagnosis was achieved histologically and immunohistochemically. All patients underwent routine blood examination, pulmonary function tests (PFTs) and computed tomography (CT) of the chest, abdomen and brain. All patients, excluding one diagnosed in 2005, underwent F-18-fluorodeoxyglucose positron emission tomography (FDG-PET)/CT. Clinical operability was evaluated by performance status (PS), pulmonary function and clinical staging, which was determined according to the Tumor-Node-Metastasis staging system (8th Edition) proposed by the International Mesothelioma Interest Group (13) .
Patients with clinically resectable MPM were selected (T1-3 N0-2 M0, PS 0-1, age <75 years). All patients received neoadjuvant chemotherapy. Three or four cycles of cisplatin-based chemotherapy were completed. All but 1 patient received pemetrexed as the second agent. In addition, 1 patient received gemcitabine in 2005.
Surgical procedures and pathological staging. EPP was performed via the standard technique (14) . P/D involved the total removal of the parietal, viscera and mediastinal pleura, and preservation of the lung parenchyma. Until July 2011, the primary intervention was EPP. After August 2011, the primary intervention was P/D. The conversion of P/D to EPP was based on patients' condition, including lung function and intraoperative findings, including the degree of tumor invasion. In both procedures, the pericardium and diaphragm were reconstructed if required, and mediastinal lymph node dissection was performed. Surgical complications were classified according to the Clavien-Dindo classification (15 Postoperative follow-up. Postoperatively, adjuvant wholehemi-thorax radiotherapy was offered to patients who underwent EPP and adjuvant single-agent chemotherapy to those who underwent P/D following consideration of their choice and performance status. All patients were followed up at least every 3 months for 1 year and then every 6 months until mortality or the last follow-up. Patients underwent physical and clinical examinations, and CT. Additional evaluations, including FDG-PET/CT, were performed on the basis of the judgment of the attending physician.
Tumor recurrence was classified into three main groups: i) locoregional, ii) distant, and iii) both. Locoregional recurrence occurred in the ipsilateral hemi-thorax. Distant recurrence occurred at the contralateral hemi-thorax and other distant sites. Patients with good performance status following recurrence received chemotherapy. zStatistical analysis. Categorical variables and continuous variables were analyzed using the χ 2 or Fisher's exact test and Student's t-test or Mann-Whitney's U-test, respectively. Overall survival (OS) was calculated from the date of pleural biopsy until that of mortality or the last follow-up. Progression-free survival (PFS) was calculated from the date of pleural biopsy until that of recurrence, mortality or the last follow-up. Post-recurrence survival (PRS) was calculated from the date of recurrence until that of mortality or the last follow-up. The Kaplan-Meier method was used to estimate OS, PFS and PRS. Survival differences were compared using the log-rank test. Multivariate analysis of prognostic factors was performed using Cox's proportional hazards regression model. All statistical analysis was performed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. Patient demographics, including pre-/intra-/postoperative data, are presented in Tables I-II. All patients, except one, received pemetrexed and cisplatin as neoadjuvant chemotherapy. The median operative time was significantly longer for P/D compared with EPP (P<0.0001). In the P/D group, the histology of all patients except one was the epithelial type. The 90-day mortality rate was 6.9% for the EPP group and 0% for the P/D (P=0.429).
Results
The median follow-up period was 48 months (54 months in the EPP group and 43 months in the P/D group). The median and 5-year OS time of all patients was 22 months [95% confidence interval (CI)=14.2-27.8] and 20%, respectively ( Fig. 2A) . The median and 5-year PFS time of all patients was 14 months (95% CI, 11.9-16.1) and 13%, respectively ( (Table III) . Following multivariate analysis, only epithelial histology (HR, 0.224; 95% CI, 0.086-0.557; P= 0.001) remained a significant prognostic factor for OS (Table III) .
The recurrence rates following EPP and P/D were 76% (22/29 patients) and 67% (10/15 patients), respectively (Table IV) . No significant difference was revealed for the type of tumor recurrence, including locoregional, distant and both, between the groups (P=0.705). Among the 32 patients who developed recurrence, 17 patients (53%) received chemotherapy, including 9 patients (41%) in the EPP group and 8 patients (80%) in the P/D (Table IV) (Table V) . With multivariate analysis, chemotherapy following recurrence (HR, 0.318; 95% CI, 0.101-0.911; P= 0.033) was the only significant prognostic factor for PRS (Table V) . In total, 22 patients were assessed for VC and FEV1 (12 EPP and 10 P/D) and 16 patients were assessed for DLCO 
Univariate Multivariate -----------------------------------------------------------------------------------------------------------------------------------------------Variables
Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value 
Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value (7 EPP and 9 P/D). FEV1 (average reduction rate, 41 vs. 19%; P=0.017), VC (average reduction rate, 43 vs. 28%; P=0.036) and DLCO (average reduction rate, 25 vs. 0.01%; P=0.042) following surgery were significantly improved in the P/D group compared with the EPP group (Fig. 4) 
Discussion
The present retrospective study compared surgical outcomes between EPP and P/D. A number of studies have demonstrated that patients with epithelial histology have a significantly longer survival time compared with those with non-epithelial histology (17) (18) (19) ; the current multivariate analysis of OS time revealed the same result. When the study subjects were limited to those with epithelial MPM, no significant difference was identified in OS or PFS time between the two groups. However, PRS was significantly improved in patients who underwent P/D compared with those who underwent EPP. In addition, patients who received chemotherapy following recurrence had a significantly longer PRS time. The majority of patients undergoing P/D could receive chemotherapy. Several studies have demonstrated that patients who undergo P/D have improved survival compared with those who undergo EPP (9, 10, 20) ; however, other studies have reported no difference in survival (21) (22) (23) . The optimal surgical procedure with resectable MPM remains to be established due to the lack of randomized prospective studies comparing the surgical procedures; however, the majority of studies including the present study have demonstrated that prognosis is comparable between EPP and P/D, which suggests that P/D can be an alternative procedure to EPP.
Locoregional recurrence remains the main problem for MPM and various treatments have been employed, including adjuvant chemotherapy or radiotherapy (24, 25) . A number of studies have reported that EPP can provide improved local control, i.e free from recurrence in the ipsilateral hemithorax. P/D has a major disadvantage of high local recurrence rates (26, 27) . However, in the current analysis, the PFS curve between the two groups was similar, suggesting that P/D can also adequately provides local control for MPM. It is essential for EPP or P/D to conduct trimodality therapy and remove as much visible tumor as possible. Even when EPP is performed, positive microscopic margins are almost inevitable (17, 28) . Recently, two retrospective studies reported that disease-free survival rates were similar between EPP and P/D (29, 30) . Similar to the present study, these studies also adopted cisplatin/pemetrexed as induction chemotherapy and resected the diaphragm and/or pericardium if required for MCR. Precise surgery for obtaining MCR including trimodality therapy as well as selection of surgical procedures appeared to serve a critical role in acquiring the local control.
Although PFS was similar between the two groups, OS was improved for P/D compared with EPP, which suggests that surgical results could differ following recurrence. Therefore, the current study also assessed PRS and treatments following recurrence, which demonstrated that patients undergoing P/D exhibited a significantly improved PRS compared with those undergoing EPP regardless of the histologic type. In addition, the majority of patients who underwent P/D received chemotherapy following recurrence, unlike the majority of those who underwent EPP. A recent retrospective study reported that second-line treatment following EPP can prolong PRS (31) . In the present study, chemotherapy following recurrence improved PRS for patients with MPM regardless of the surgical procedure. To the best of our knowledge, this is the first report to demonstrate that P/D prolongs survival rates following recurrence in patients with MPM.
The current results raise the question of why P/D can improve PRS. P/D is a less invasive surgical procedure compared with EPP. In the present study, the 90-day mortality rate following P/D was 0%, compared with a mortality rate of 6.9% for EPP, although this difference was not statistically significant. By preserving the ipsilateral lung, the postoperative pulmonary function of patients following P/D can be preserved to some extent (32, 33) . This advantage of P/D appeared to have a favorable effect on PRS in the present study. The current analysis indicated that pulmonary function following P/D was significantly improved compared with that following EPP. Therefore, chemotherapy was more conducive for patients in the P/D group compared with those in the EPP group following recurrence. Due to the high implementation rates of chemotherapy following recurrence, improvements in PRS may be achieved.
The current study had certain limitations. Firstly, the present study had possible patient selection bias. By chance, after August 2011, all but one tumor had epithelial histology and a significant difference was revealed in the histologic types between the two groups. Therefore, the current study also assessed surgical results in patients according to epithelial-type. In addition, 36% patients intended for P/D were converted to EPP during the surgery to attain MCR, which may have led to possible selection bias. Furthermore, the present study was a single-center trial with a small sample size. Further research will be necessary to confirm the current findings.
In conclusion, the present study evaluated the survival efficacy of P/D for MPM. P/D provided a similar PFS and improved PRS by preserving postoperative pulmonary function compared with EPP, leading to improved OS. Therefore, P/D may be an alternative procedure to EPP for patients with resectable MPM if MCR is achieved.
